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Introduction
In 2006, the Stardust spacecraft returned to Earth a precious cargo of comet particles collected during a close fly-by of the Jupiter Family Comet (JFC) 81P/Wild 2. Expectations were that the particles, coming from cold regions of the Solar System, would provide new insights on the characteristics of the outer solar system and would predominantly be composed of presolar interstellar grains (Greenberg and Li, 1999) . However, close examination of the returned samples revealed an unexpected assemblages. If a few presolar grains (Messenger et al., 2009; Leitner et al., 2010) and organic matter (Sandford et al., 2006; Matrajt et al., 2008) were found, the majority of the collected particles resembled chondritic materials. Numerous high-temperature materials were collected, such as Ca, Al-rich inclusions (CAIs; e.g. Zolensky et al., 2006; Joswiak et al., 2012) and ferromagnesian chondrule fragments (Nakamura et al., 2008; Gainsforth et al., 2015; Bridges et al., 2012; Joswiak et al., 2012; Nakashima et al., 2012; Ogliore et al., 2012) .
The oxygen isotope ratios of 81P/Wild 2 particles span a large range in delta notation (where δ 17,18 O = [(R sample /R VSMOW ) − 1] × 1000; R = and is composed of CAI-like particles, LIME (low-iron, manganeseenriched) olivines and relict olivine grains in the chondrule-like objects (McKeegan et al., 2006; Nakamura et al., 2008; Nakashima et al., 2012) .
The redox environment during the formation of crystalline silicate particles can be examined by the Mg# (mol% MgO/[MgO + FeO]) of olivine and pyroxene, which is related to the amount of iron distributed between metal and oxide (FeO) incorporated into the silicate grains (e.g., Tenner et al., 2015) . In primitive chondrites, the Mg# of olivine and pyroxene in chondrules varies from 40 to 100 (Connolly and Huss, 2010; Kita et al., 2010; Rudraswami et al., 2011; Ushikubo et al., 2012; Schrader et al., 2013; Tenner et al., 2013 Tenner et al., , 2015 . Based on their constituent olivine and/or pyroxene Mg#'s, chondrules are sorted into two groups: type I chondrules (FeO-poor, reduced) , which have Mg#'s between 90 and 100, and type II chondrules (FeO-rich, oxidized) with Mg#'s < 90. The composition of 81P/Wild 2 silicate grains covers a similar range of Mg# as silicates found in various chondrite chondrules, though chondrules contain more grains with type I characteristics (Frank et al., 2014) . Studies have shown distinctive O trends between different groups of chondrite chondrules (Connolly and Huss, 2010; Kita et al., 2010; Weisberg et al., 2011; Nakashima et al., 2012; Ushikubo et al., 2012; Schrader et al., 2013; Tenner et al., 2013 Tenner et al., , 2015 . In ordinary and enstatite chondrites, 17 O values of chondrules are mostly zero or positive and are constant as a function of Mg#. In contrast, chondrules from carbonaceous chondrites show mostly negative 17 O values that show group specific correlations with Mg#. In CR chondrite chondrules, 17 O values of type I chondrules increase with decreasing Mg# from −6h to ∼0h (Tenner et al., 2015) . This has been explained by the addition of water ice with positive 17 O values as an oxidant to anhydrous dust with a 17 O value ∼−6h. Tenner et al. (2015) hypothesized that chondrules with the highest Mg#'s (≥98) and 17 O values of −6h to −4h are commonly observed among many different groups of carbonaceous chondrites, which would have formed in relatively anhydrous conditions in the protoplanetary disk. Similarly, ungrouped Acfer 094 and CO3.0 Yamato 81020 show bimodal distributions with 17 O ∼ −5h for particles with Mg# > 97 while particles with Mg# <97 have 17 O ∼ −2h.
The combination of mineralogy, chemistry and O isotopes can help constrain the sources of crystalline silicates in the protoplanetary disk, and in particular the comparison of the Mg#-17 O trend in 81P/Wild 2 particles with those of chondrules in various groups of chondrites. One possibility is that 81P/Wild 2 particles derived from silicates that migrated from the inner disk, either by radial diffusion (Ciesla, 2007) , or by advection during the initial disk spreading (Yang and Ciesla, 2012) . Alternatively, if these silicate particles crystallized beyond asteroid-forming regions, their data would reveal the variety of oxygen isotope reservoirs and/or redox states in the outer solar system. The total number of high precision oxygen isotope analyses on Stardust grains is still limited (<25) and spread over a large range of Mg# (99-60). Thus, more analyses are required to further explore links and differences between cometary and chondritic materials. Nakashima et al. (2012) show that there are some similarities between 81P/Wild 2 particles and CR chondrite chondrules. (Nakamura et al., 2008; Joswiak et al., 2012; Nakashima et al., 2012; Frank et al., 2014 To measure the O-isotope ratios, techniques for small spot analysis by secondary ion mass spectrometry (SIMS) are employed (Nakashima et al., , 2012 . In a previous study at the Wisc-SIMS laboratory, Nakashima et al. (2012) successfully analyzed 81P/Wild 2 particles as small as ∼4 μm by using FIB (Focused Ion Beam) marking and 16 O ion imaging. However, due to the limited 1 μm resolution of both stage motion and primary beam deflectors, the aiming was not highly accurate as small deviations between FIB marks and ion probe pits by as much as 0.5 μm were observed. For more accurate aiming, we made in-house modifications to the primary beam deflector and developed a new computerprogrammable system called the "Nano-deflector", which enables deflecting the primary beam with 0.1 μm increments.
Analytical procedures

Sample preparation
Seven particles collected from comet 81P/Wild 2 were allocated by CAPTEM (Curation and Analysis Planning Team for Extraterrestrial Materials). To extract the particles from the Stardust spacecraft aerogel, each impact track was carefully cut out and divided into several slabs. Each slab contained a single particle. Five particles come from track 149 (Tona) from 5 distinct slabs (A, E, G, M, P) while two particles are from slabs B and C of track 172 (Wawa). The particles, ranging in size from 5 to 15 μm, are mounted in acrylic resin and ultramicrotomed for transmission electron microscope (TEM) analyses. They are selected for SIMS analyses because TEM analyses revealed that they contain coarse (>2 μm) olivine and low-Ca pyroxene with compositions of either high Mg# (≥95) or Mg# ∼ 85.
The particles remaining in the resin were extracted as a 100 μm wide acrylic cubes. Each cube was then pressed into a 1.4 mm diameter indium metal pool centered in an 8 mm aluminum disk, along with a San Carlos olivine standard (Nakashima et al., 2012) . The accuracy of oxygen isotope analyses is highly dependent on the flatness of the sample surface, as even slight topography might cause a change in instrumental mass fractionation (Kita et al., 2009) . To minimize the topography effects caused by sample holder edges, we used sample holders made of three 8 mm holes (Nakashima et al., , 2012 , allowing particles and standards to be positioned within 0.7 mm of the center of the mount.
Transmitted electron microscope analysis
Microtome sections of the samples were prepared for TEM at the University of Washington by cutting serial slices ∼70 nm thick with a Leica Ultracut S ultramicrotome and placing them onto Au or Cu TEM grids containing 10 nm carbon films. They were placed into a double-tilt low-background Be sample holder which was inserted into a Tecnai 200 keV field emission TEM. The TEM is equipped with a CCD camera for bright-and dark-field imaging and secondary electron and high angle annular dark-field STEM detectors. Energy dispersive X-ray (EDX) spectra were acquired with an EDAX light element X-ray detector and quantified with EDAX Genesis software using standard thin-film k-factors obtained from natural minerals and the NIST SRM2063a thin-film standard. Spectral energy calibration was done using a Cu and Al thin-film prepared at the University of Washington. Maximum relative errors are estimated at 5% for major elements and 25-30% for most minor elements. High resolution lattice fringe images and electron diffraction patterns were obtained on some of the minerals to confirm atomic structures. Calibration of high resolution images was done using well-known mineral standards and an Al-thin film for diffraction camera lengths.
FIB-marking
Backscattered electron (BSE) images of the seven particles were obtained, prior to SIMS analyses, using a scanning electron microscope (SEM, Hitachi S3400) at the University of WisconsinMadison. Because the acrylic resin surrounding the sample is sensitive to alteration caused by electron beam damage, acquiring images can create depressions around the sample, and the infliction of surface topography might affect the instrumental mass fractionation during SIMS analyses (Kita et al., 2009) . We minimized damage to the acrylic near the sample area by spending as little time as possible on the sample area at high magnification, while focusing BSE images on a region of the acrylic away from the comet particle. The positioning of targeted SIMS analysis regions for each grain was determined according to the BSE images. We used a Zeiss focused ion beam (FIB) field emission (FE)-SEM Auriga (UW-Madison) to mark the SIMS analysis positions by removing a 1 μm × 1 μm square of the carbon coating (SOM A). A focused Ga + beam with an accelerating voltage of 30 keV operated with a 5 pA beam current. A series of tests, previously performed, allowed us to determine that the right dosage to remove the 20-nm-thick carbon coating completely without sputtering the surface of the particle was 0.4 nC/μm 2 (equivalent to 90 s of sputtering with our settings). Previous test analyses showed no significant difference between standard analyses with or without FIB marks (Nakashima et al., 2012) , so we did not apply FIB marks on any of the standard grains.
Prior to SIMS analysis, the topography of samples was checked to confirm that the SEM imaging did not alter the surface significantly. Profilometer images revealed that SEM imaging did not depress the acrylic surface by more than 1 μm around the comet particles.
Oxygen isotope analyses
Oxygen three-isotope ratios of the seven 81P/Wild 2 particles were acquired with the Cameca IMS 1280 ion microprobe at the WiscSIMS laboratory of the University of Wisconsin-Madison over two analytical sessions. The analytical conditions were similar to those in Nakashima et al. (2012) . The primary Cs + beam was set at an intensity of 3 pA and beam size of ∼1.5 μm in diameter.
Prior to each unknown sample analysis, secondary 16 O − ion images were obtained in order to identify the FIB marks using 10 μm × 10 μm primary beam rastering (Nakashima et al., 2012) . Due to the absence of carbon coating, the FIB marks appear as bright spots, allowing for easy centering of the mark to the image by first adjusting the stage, and then refining the centering with the NanoDeflector. Thanks to the recent addition of the NanoDeflector to the WiscSIMS IMS 1280, the adjustment of primary beam positioning (see SOM B for details) was greatly improved and the ion images were centered with a precision of 0.1 μm. We note that Nakashima et al. (2012) used a smaller primary beam (≤1 μm, 1 pA) for ion imaging to identify the FIB-mark, followed by a 3 pA beam condition (2 μm × 1 μm spot) for the isotope analysis. However, applying two different primary beam conditions between ion imaging and isotope analyses could potentially introduce a subμm level inaccuracy for the final sample aiming. The reason why the smaller beam was used for ion imaging is to obtain sharp images, to enable precise aiming (Nakashima et al., 2012) . But even with 3 pA & 1.5 μm beam (this study), ion images were as sharp. Therefore, we used the same primary beam setting for ion imaging and for isotope analyses (3 pA, 1.5 μm). The centering of FIB mark by ion imaging took less than 5 min, and the removal of surface carbon coating was minimal. On two samples (T149/F7 and T172/F3), the FIB-marks were improperly adjusted due to a malfunction of the FE-SEM (Fig. SOM A) . However, comparison between SEM images and SIMS ion images of misaligned FIB marks and the precision of the NanoDeflector aiming allowed us to locate SIMS analyses positions correctly ( Fig. 1 One to six analyses were performed on each particle, bracketed by eight analyses performed on San Carlos olivine (Fo 89 ) grains mounted in the same disks, within 500 μm of the sample particle. The external reproducibility is calculated as twice the standard deviation (2σ ) on the eight standard analyses bracketing the sample analyses, which represent spot-to-spot reproducibility and is assigned as uncertainty of individual analyses (Kita et al., 2009; Nakashima et al., 2012) . They are generally very similar to the internal error of individual analyses, which is determined by FC detector background drift and counting statistics of minor isotopes using EM detectors, as well as a small drift of mass dependent fractionation with increasing analysis depth (Kita et al., 2009 (Kita et al., , 2010 . The analytical uncertainty assigned to single spot analyses is calculated as the mean of the 2σ calculated for each set of the standard measurement brackets over the whole session. For samples with multiple measurements, we obtained the mean values. The uncertainty of the mean values is assigned as the propagation of (1) the maxima of the 2SD of sample data versus the analytical uncertainty of a single analysis, of which this value is divided by the square root of the number of analyses; (2) the 2SE (standard error of the mean) of the instrumental bias calculated from bracket standard analyses, and (3) uncertainties of instrumental mass-dependent fractionation across a 1 mm diameter of the 8 mm sample disk (0.5h in δ 18 O; Nakashima et al., 2012) .
The same error estimates of average values have been applied to SIMS chondrule analyses in previous studies Tenner et al., 2013 Tenner et al., , 2015 . If only one analysis was made for a particle, we propagated uncertainties from (2) and (3) to the final value. The global external reproducibility of the running standards over the whole session was 1.4h, 2.2h, and 2.2h (2σ ) for δ 18 O, and En 97 ) with known oxygen isotope ratios that cover the range of compositions of the unknowns. Two geological glass standards (75.6% and 58.6% SiO 2 ) were also analyzed, to be used to correct for instrumental bias of unknown analyses in case it inadvertently overlapped with adjacent silica-rich glass (76.0% SiO 2 ). These data are reported in Table SOM C.
Results
Petrography and mineral chemistry
Track 149 is a ∼4 mm-long bulbous track (Burchell et al., 2008) which is composed of a broad cavity, a long narrow root containing the terminal particle (T149/F1) and two short side roots containing fragments T149/F2 and T149/F3. Fragments T149/F6 and T149/F7 were located in the cavity near the base of the bulb.
Track 172 is a ∼0.9 mm-long bulbous track with a distinct narrow root containing the terminal particle. Fragments 2 (T172/F2) and 3 (T172/F3) were present at the termini of shorter side roots emanating from the bottom of the bulb and from the side of the main root, respectively. Major element compositions of microtome sections of the T149 and T172 particles are reported in 
Oxygen isotopes
A total of 155 analyses were collected over two sessions for a total of 14 analyses on Stardust grains. After the SIMS sessions, we inspected all analysis pits (on Stardust particles and San Carlos olivine standards) by SEM for irregularities and possible overlaps. SIMS aiming was highly accurate, with each pit covering its original FIB mark. No analysis points were rejected. In particular, a close inspection of particle T149/F6 containing glass, which was the most critical aiming-wise, revealed no overlap of pits with the glass phase or the aerogel. For all particles, the SIMS pits were located within <0.2 μm of their FIB-marks (Fig. 1 ), or at their intended locations within particles T149/F7 and T172/F3.
Oxygen isotope ratios of the seven particles are given in Table 2 and plotted in Fig. 2 Nakamura-Messenger et al., 2011; Bridges et al., 2012; Ogliore et al., 2012 Ogliore et al., , 2015 Nakashima et al., 2012; Joswiak et al., 2014; Gainsforth et al., 2015) . We use the Primitive Chondrule Minerals (PCM) line for reference , though our analytical precision does not resolve data from the CCAM (Carbonaceous Chondrite Anhydrous Mineral; Clayton et al., 1977) or Young and Russell (1998) 
Discussion
As the particles analyzed from track 149 have 16 O-poor signatures, while the two particles from track 172 have 16 O-rich characteristics, we discuss particles from tracks 149 and 172 separately below, due to their significant differences in oxygen isotope ratios. Schrader et al., 2013; Tenner et al., 2015) , and −2.2 ± 1.3h (2σ ) among those from CO chondrite Yamato 81020 (Tenner et al., 2013) and the ungrouped Acfer 094 (Fig. 3) (Tenner et al., 2015) . Tagish Lake-like chondrite WIS91600 (Yamanobe et al., 2016) shows a rather close distribution as well (mean = −3.1, SD = 3.1, p-value = 0.03), which indicates a similar precursor origin. In addition to Mg# and O-isotope relationships, there are other indicators that 81P/Wild 2 particles and some chondritic materials originated from a common region of the protoplanetary disk. For instance, based on 26 Mg and 54 Cr isotopes, Van Kooten et al. (2016) showed that metal-rich carbonaceous chondrites (CR, CB and CH) have a distinct signature from inner solar system objects because the former preserved a high fraction of primordial molecular cloud material, suggesting accretion in more outer regions of the solar system, similar to comets. Moreover, similarities of reflectance spectra between Tagish Lake-like chondrites and D-type asteroids (Hiroi et al., 2001) indicate that Tagish Lake-like chondrites derived from the outermost region of the asteroid belt, which could be a likely origin for CR chondrites and 81P/Wild 2 particles. Our new data, particularly in Mg# ranges that were previously lacking (Fig. 3) , further confirms the similarity between 81P/Wild 2 particles and the CR chondrite chondrule Mg#-17 O trend. In particular, our new data point from 17 O = −2.3 ± 0.6 (1σ ), p-value ≈ 0). Perhaps more concerning is that, when considering type I grains, the test shows that those from 81P/Wild 2 do not match any distributions from other chondrites. In particular, the Mg#s of 81P/Wild 2 type I grains are slightly lower (mean Mg# = 96.1 ± 1.65 (1σ )) than those from other groups (Mg# = 98.0 ± 0.93 for CR; Mg# (Yamato 81020 + Acfer 094) = 98 ± 1.9; Mg# (WIS91600) = 99.1 ± 0.33, all 1σ ). In addition, CR chondrites are dominated by high Mg# silicates (type I chondrules) which represent ∼99% of the total chondrule population (Weisberg et al., 1993) and ∼70% of 5-30 μm olivine particles studied by Frank et al. (2014) . In contrast, the 81P/Wild 2 particles with Mg# > 90 only represent a minority among silicate grains (Frank et al., 2014 , estimated a fraction of 22%). This implies that, while the 81P/Wild 2 grains originated from a similar environment as that which produced chondrule silicates from CR chondrites, it was not identical. Specifically, 81P/Wild 2 grains formed in an environment generally more oxidized than that of CR chondrite chondrules, based on metal-silicate equilibria.
Relationship between Mg# and
It is important to note that the Mg# distribution among 81P/Wild 2 particles we investigated is not fully representative of all collected samples. Indeed, particles were purposely selected in an effort to cover the widest possible range of Mg#. Such selection most likely overrepresented the amount of type I particles, which are more critical to our study, compared to type II particle abundances. However, it appears that type I particles show lower Mg#'s than CR chondrite grains, as only 2 out of 8 grains from the 16 O-poor cluster have a Mg# above 97, while the large majority (90%) of CR grains type I show a Mg# > 97. According to the model by Tenner et al. (2015) , this indicates a dust enrichment of ≈300× for 81P/Wild 2 particles, which is slightly higher than the dust enrichment determined for CR chondrites (100-200×). Particle T149/F7 is an amorphous grain of enstatite composition. Particles captured in aerogel underwent the peak temperature of ∼2000 K for the order of ns to μs . At ∼2000 K, the diffusion rate of oxygen isotope in silicate glass is of the order 10 −4 mm 2 /s (Cole and Chakraborty, 2001) , which is the equivalent of 10 −5 μm 2 per ns and too slow to diffuse more than the sub-μm. Therefore, given the rather large dimensions (5 × 7 μm) of particle T149/F7, it is safe to assume that the core of the grain preserved its pristine isotopic signature. T149/F7 shows a 17 O of 0.5 ± 2.5h for a Mg# of 98 (Fig. 3) , while the trend suggests that for Mg# of 98, 81P/Wild2 particles should show much more negative values (≈−2h). Those values place it slightly above the CR chondrite chondrule trend and align it more closely with the ordinary chondrite chondrule trend (Fig. 3) . Its δ 18 O and δ 17 O (respectively 0.7 ± 1.5h and 0.8 ± 2.7h) also place it on or above the TF line, in the domain of ordinary chondrites. Even though the error bars are rather large, these characteristics set it apart from the other 81P/Wild 2 particles. In addition, this particle is an amorphous grain of enstatite composition and is distinctively different to other types of particles in 81P/Wild 2, or other meteoritic analog components. It has been shown that 81P/Wild 2 collected different sources of material, and it is probable that T149/F7 came from a reservoir that was distinct from the majority of the 81P/Wild 2 particles which show more similar characteristics to CR chondrite grains.
The 16 O-rich enstatite particles
The pyroxene (2012) and Nakashima et al. (2015) for Stardust samples, and Krot et al. (2004) olivine from chondrule fragment "Gozen-sama" in track 108 (Nakamura et al., 2008) , LIME olivine grains from track 57 and 77 (Nakashima et al., 2012) , and a forsterite particle from track 112 (Nakamura-Messenger et al., 2011) . The particles, and in particular T172/F2, contain very little CaO and Al 2 O 3 (0.03-0.15% and 0.0-0.5%, respectively; Fig. 4) , and are unlikely to be related to CAIs. In chondrules from primitive meteorites, relict olivine and spinel with 16 O-rich isotope signatures have been reported (Kunihiro et al., 2004; Wasson et al., 2004; Connolly and Huss, 2010; Ushikubo et al., 2012; Rudraswami et al., 2011; Schrader et al., 2013; Tenner et al., 2013) , though significantly 16 Orich enstatites have very rarely been observed. The only occurrence of 16 O-rich enstatite has been reported in the matrix of K chondrite Kakangari . Here we propose that 16 O-rich and nearly pure enstatite particles from track 172 may have a condensation origin from solar nebula gas, similar to LIME olivine and pure forsterite with 16 O-rich isotope signatures. LIME olivines are found in IDPs, the matrices of unequilibrated chondrites (Klöck et al., 1989) , and AOAs from CR chondrites (Weisberg et al., 2004) and other carbonaceous chondrites (Komatsu et al., 2015) . They are considered to have formed by condensation from the solar nebula (Klöck et al., 1989; Ebel et al., 2012) . For example, thermodynamic calculations predict that enstatite should condense at the same time as LIME olivine (Ebel et al., 2012) . However, Ebel et al. (2012) could not constrain Mn abundances in the condensed enstatite because the partitioning of Mn in enstatite is not known. Joswiak et al. (2012) suggested several nearly pure enstatite particles, showing low contents of Al 2 O 3 , CaO, TiO 2 , Cr 2 O 3 , and MnO (<1.5% in total), are candidates with possible condensate origins from the solar nebula. Elemental compositions of T172/F2 and T172/F3 match well with these pure enstatite particles (Fig. 4) . Including LIME olivines, Joswiak et al. (2012) (Nakamura et al., 2008 ; this study) compared to those in AOAs (Krot et al., 2004) . 81P/Wild 2 LIME olivine data Fe, Cr, and Mn (0.5 wt%, 0.4 wt%, and 0.1 wt%, respectively), similar to those in T172/F2 and T172/F3. Nearly pure enstatites are also observed as whiskers in IDPs, which are believed to have formed by condensation from the nebular gas (Bradley et al., 1983 ), but they are unfortunately are too small (sub-micron in their smaller dimension) for high precision oxygen three isotope analyses. The rare known occurrences of 16 O-rich pyroxenes found in meteorites are those from amoeboid olivine aggregates (AOAs) (Krot et al., 2004) , as well as the matrix of CR2 NWA 530 , and K-grouplet chondrite Kakangari AOAs are aggregates of forsterite olivine, FeNi metal and Ca, Al-rich minerals. They are believed to have formed in the same region as CAIs, but at relatively lower temperatures (Krot et al., 2004) . Krot et al. (2004) observed the presence of low-Ca pyroxene in 10% of AOAs, mostly surrounding olivine grains, which might have formed by reactions involving olivine and surrounding SiO 2 gas. These low-Ca pyroxenes display a 16 O enrichment of the same O-isotope reservoir as the olivine. Alternatively, pyroxene condensates could have formed directly from fractionated gas with Mg/Si ratio lower than that of solar abundance (Krot et al., 2004 (Krot et al., , 2005 . However, even though it is impossible to know with confidence that isolated grains from one track were associated, the presence of LIME olivine grains in track 172 suggests this was the case. Krot et al. (2005) showed that oxygen isotope ratios of low-Ca pyroxene in AOAs becomes 16 O-poor as the degree of melting in AOAs increases. They also found that 16 O-poor igneous low-Ca py- roxenes contain more refractory elements (CaO, Al 2 O 3 , and TiO 2 ), which are not expected to be in the gaseous phase at the condensation temperature of low-Ca pyroxene. As shown in Fig. 5 , the FeO and MnO contents of T172/F2 and T172/F3 are well within the ranges observed in AOAs (Krot et al., 2004) , while Al 2 O 3 and CaO contents are at the lowest end compared to those in AOA low-Ca pyroxene (Fig. 4) . Krot et al. (2004 Krot et al. ( , 2005 show a correlation between 17 O and Al 2 O 3 contents in AOA pyroxenes that increase with the degree of melting (Fig. 6) . In this regard, the 17 O values and the Al 2 O 3 contents of particles T172/F2 and T172/F3 are the lowest among AOA-like data, suggesting they represent the unmelted end-member of the pyroxene suite found in AOAs.
Conclusions
We analyzed oxygen three isotope ratios in seven silicate particles from tracks 149 and 172 of comet 81P/Wild 2. Improvement of the WiscSIMS 1280 IMS allowed for us to place the beam on small particles (5-15 μm) using ∼1.5 μm spots with an aim- 
